Glycosylated haemoglobin was measured in venous blood samples and in blood collected in 'Unistep' bottles by isoelectric focusing (IEF), as the reference method, and by electroendosmosis (EEO), the thiobarbituric acid method (TBA), ion-exchange chromatography (1EC) and affinity chromatography (AC). Isoelectric focusing, electroendosmosis and thiobarbituric acid gave similar results. Affinity chromatography gave lower results than isoelectric focusing for normal values but similar results for diabetics. Ion-exchange chromatography gave 24% lower results than isoelectric focusing across the range. Using Unistep collected blood samples and comparing multiple samples from the same patient, electroendosmosis gave the best results (coefficient of variation 4%) and thiobarbituric acid gave slightly less good precision that other methods. Re-use of affinity chromatography columns gave less good precision. Collection of blood samples into a Unistep bottle gave similar results to venous sample results. Storage of venous capillary blood samples in Unistep bottles over 1 week at 21°C gave similar results to immediate assay. Electroendosmosis of blood samples in Unistep bottles gave stable results over 2 weeks. Home collection by a patient of a capillary blood sample into a Unistep bottle allows glycosylated haemoglobin results to be available when seen in the clinic.
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The measurement of glycosylated haemoglobin is increasingly used as an index of glycaemic control over the previous 6--10 weeks. Methods in use include ion-exchange chromatography, I affinity chromatography, 2 isoelectric focusing;' electrophoresis." immunoassay,' spectrophotometry," colorimetry? and fluorimetry."
We have compared glycosylated haemoglobin results from five commonly used methods. The same five methods were used to evaluate the assay on 53 ul, blood samples collected in Unistep capillary blood collection bottles and the evaluation included the effects of storage of blood samples over 2 weeks prior to assay.
Methods

MEASUREMENTS ON VENOUS SAMPLES
Glycosylated haemoglobin was measured III Correspondence: Dr J C Moore.
heparinised venous blood samples from 22 maturity-onset diabetic subjects and 10 normal subjects by five methods.
(1) lsoelectric focusing (IEF). The labile aldimine form of glycosylated haemoglobin was removed by diluting 0·4 mL whole blood lO-fold with normal saline and incubating at 37°C for 5 h. The cells were washed once with saline and then lysed with 3·0 mL 0·01 M KCN. Isoelectric focusing was done on duplicate 5 ul, aliquots of each haemolysate using the method of Jeppsson, Franzen and Nilsson.? Glycosylated haemoglobin bands were excised and eluted from the polyacrylamide at 4°C overnight with 2 mL 0·05 M Tris/KCN buffer, pH 9·3. Absorbance was measured on a Pye Unicam AURA Spectrophotometer.
(2) Electroendosmosis (EEO). Glycosylated haemoglobin was measured after removal of the labile fraction using the methods and reagents of Corning (Halstead, Essex, UK).
(3) Affinity Chromatography (AC). Glycosy-86 Moore et al.
lated haemoglobin was measured using the Pierce Glycotest kit by the method described by the manufacturer. (4) Ion Exchange Chromatography (IEC). Bio-Rad (Watford, Herts, UK) disposable minicolumns were used as described by the manufacturer, using the calibrators to correct the results to values measured at 24°C.
(5) Thiobarbituric Acid Method (TBA). A semi-automated method similar to that of Ross and Gibson" was used. 0·05 mL whole blood was incubated with 2·0 mL, 0·3 M oxalic acid for 2 h in a boiling waterbath. The hydroxymethyl furfural released was measured simultaneously with the total haemoglobin using the manifold shown in Fig. 1 , and Technicon AA II equipment. Standards were prepared from blood from 15-20 normal subjects as follows. Blood samples (10 mL) were centrifuged, the plasma removed and the cells washed 2-fold with normal saline. The blood volume was restored to its original value with saline and the samples pooled. Aliquots (2 mL) of the well mixed pool were stored at -70°C and used as required. For each assay standard curves were prepared by adding 50, 75, 100, 150 and 200 f.lL standard to 2·0 mL, 0·3 M oxalic acid and treating these exactly the same as samples. The glycosylated haemoglobin in the pool was measured 10 times by isoelectric focusing and the mean value obtained assigned to the 'standard' pool for the thiobarbituric acid method.
MEASUREMENTS ON UNISTEP BOTTl.E SAMPLES Unistep capillary blood collection bottles. were obtained from Owen Mumford, Woodstock, Oxon, UK, each bottle containing 150 ul, of 0·9 gldL saline containing 0·01 g thiornersal, and 414 units sodium heparin/100 mL.
Whole blood samples from five normal subjects, 10 maturity onset diabetics and five poorly-controlled juvenile onset diabetics were dispensed by Unistep bottles, using a 75 ul, SMI pipette (Alpha Laboratories, Eastleigh, Hants, UK), to place excess blood on to the coloured blood-collecting cup. The bottles were then used normally, 53 ul, of blood being metered by placing the bottle on a level surface and screwing on the cap to express the cup into the bottle and its diluent.
Glycosylated haemoglobin was measured by each of the methods in use with the following modifications. (l) Isoelectric focusing. 350 ul, of 0·9% sodium chloride solution was added to each bottle, the sample incubated for 5 h at 37 c C , transferred to a small test tube, centrifuged, and the supernatant discarded. 375 ul., of KCN solution was added to haemolyse the cells and analysis continued by the normal method. (2, 3, 4) Electroendosmosis, ion exchange chromatography and affinity chromatography. 350 ul, of the appropriate haemolysing reagent was added to each bottle, and 1 ilL, 100 ilL, or 50 ul, of haemolysate respectively used for analysis by the Corning, Biorad and Pierce methods.
(5) Thiobarbituric Acid Method. 600 ul, of 0·9 g/dL saline was added to each bottle, and then 750 ul, of 0·6 M oxalic acid solution was added and hydrolysis carried out as usual.
Glycosylated haemoglobin was also mea-20 HO Glycosylated haemoglobin 87 sured on a venous sample from each of the 20 subjects by each of the five methods.
STORAGE OF UNISTEP AND VENOUS
SAMPLES
Glycosylated haemoglobin was measured in three poorly-controlled diabetics and three normal subjects using heparinised venous blood aliquoted into many Unistep bottles each stored at room temperature (21"C). A series of bottles were assayed by the five different methods on day 0 and 2, 5, 8 and 12 days later. Other bottles from the same subjects were stored at 4 cC were assayed at day 7 and 13. A separate series of heparinised venous blood samples from 11 maturity onset diabetics from the UK Prospective Diabetes Study with different degrees of control were stored at room temperature and assayed by the five methods at day 0,8 and 15. Compared to the reference iso-electric focusing results. ion-exchange chromatography gave lower values for all subjects, whereas affinity chromatography gave lower values only for the normal subjects.
STATISTICS
Precision was calculated from the difference between duplicate determinations using the formula:
where N=number of pairs. Student's paired t-test was used to compare glycosylated haemoglobin values by the same method on different days. Correlation coefficients were used to compare methods. Figure 2 shows the correlation between the glycosylated haemoglobin measured by isoelectric focusing, as a reference standard, and the other four methods, with mean results for normal and diabetic subjects in Table 1 . Electroendosmosis and the thiobarbituric acid methods gave similar results to isoelectric focusing. Ion exchange chromatography correlated well, but all samples gave lower values. Affinity chromatography gave lower values than isoelectric focusing for samples with normal glycosylated haemoglobin, but similar values to isoelectric focusing for diabetic subjects. Whilst it gave good separation, therefore, between normal and diabetic subjects in this study, the affinity chromatography correlated slightly less well with isoelectric focusing than did the other methods. The precision of the different methods was similar both between methods and between venous and Unistep blood samples ( Table 2 ). The best precision was obtained by electroendosmosis with Unistep blood samples. The precision of affinity chromatography decreased to coefficient of variation 15% as the columns were re-used even though nine regenerations are said by the manufacturers to give satisfactory results. Table 1 and Fig. 3 show that the collection of blood samples into Unistep bottles gave similar results to direct assay of venous blood samples. These samples confirm that with ion-exchange chromatography lower values were obtained than by the other methods, and affinity chromatography gave a wider distribution of values. The thiobarbituric acid method correlated less well between the two collection methods than the other tests. Figure 4 shows the stability of samples stored over 12-15 days. Over 8 days all samples gave reasonable reproducibility when collected by either method, with some lowering of results by ion-exchange chromatography or affinity chromatography. By both methods of blood sampling electroendosmosis gave the most reproducible results over 12 days, with little difference between storage at 4°C or 21°C. lonexchange chromatography and TBA were less reliable after 8 days.
Results
Discussion
Isoelectric focusing has been suggested as the reference method for measurement of glycosylated haemoglobin III but is too labour-intensive, lengthy and expensive for routine use in clinical chemistry laboratories. Each of the other four methods has its advantages. The chemical thiobarbituric acid assay is readily automated and cheap to perform; electroendosmosis is rapid and simple; ion-exchange chromatography requires no sophisticated apparatus; and affinity chromatography is highly specific for glycosylated groups. Each of the four methods correlated well with isoelectric focusing, the best correlation being obtained with electroendosmosis and the poorest with affinity chromatography. Affinity chromatography gave results over a larger range than the other tests, with lower values than the other methods for normal subjects, Ion exchange chromatography gave lower values than the other methods, although they correlated well with isoelectric focusing values. The different methods do not discern identical molecular species and it is therefore understandable that the correlation values fall between 0·74 and 0·88. The Unistep bottle is designed for easy collection of a capillary blood, which is sampled into a wide-mouthed receptacle. Enough blood is collected to overfill a central 53 I-lL cup, and when the cap is screwed onto the bottle a central spiggot displaces excess blood from the cup and then expels the cup with its precisely measured 53 I-lL blood sample into the diluent. The bottle can be used to collect blood for different assays.!' For glycosylated haemoglobin measurement, precise volumes are not essential as total and glycosylated haemoglobin are measured on the same haemolysate. We measured the haemoglobin in 10 replicate samples of a haemolysate after dilution in a Unistep bottle and found that the coefficient of variation was 2·7%. For glycosylated haemoglobin assay, once the haemolysis reagent has been added to the Unistep bottle, analysis is carried out in the normal way. The volume of blood used for analysis by electroendosmosis, affinity chromatography and ion-exchange chromatography is half that recommended by the kit's manufacturers, but the precision was comparable with that achieved on venous samples in these experiments. Better coefficients of variation using venous samples have been reported.F The collection of blood into the Unistep bottle by all five methods gives very similar results to venous blood samples measured by the same assay. The correlation lines for venous and Unistep methods do not go through the origin for any of the five methods. The difference between Unistep and venous values would not be clinically significant, but to make a valid comparison between glycosylated haemoglobin values, it is preferable to use the same sampling method. In specimens stored by the various methods over a period of 1 week little difference between results was observed in both the diabetic and normal ranges. Electroendosmosis gave the best overall results for precision and storage characteristics.
Unistep bottles may be used for the collection of capillary blood samples for glycosylated haemoglobin measurement by any of the five methods described. Patients can be asked to collect a blood sample in a bottle, post it to the laboratory where it can be stored at 4°C and analysed within 8 days of collection by most assays, and up to 12 days for electroendosmosis. This method has been routinely used for 6 months in the diabetic clinic. It presented no difficulties, and provided a means of having a recent glycosylated haemoglobin assay result available when a patient was seen at a routine clinic visit.
